PET has the highest accuracy in differential diagnosis of upper lobe, solid >10 mm or partlysolid >15 mm nodules http://ow.ly/DKaur Lung cancer is the leading cause of death worldwide. Screening for lung cancer may improve the poor prognosis by detecting the cancer at an early stage where radical surgery still is possible. Several randomised clinical trials using low-dose computed tomography (CT) have been launched in high-risk smokers or former smokers in the USA and Europe [1] [2] [3] . The National Lung Screening Trial (NLST) randomised 53 454 subjects to undergo annual CT scans or chest radiographies for 3 years, and demonstrated that overall and lung cancer specific mortality was reduced in the CT arm [1] . For one case of death from lung cancer to be prevented, the number of patients that needed to be screened using CT compared with chest radiography was 320 [3] . The final mortality data testing of >32 000 individuals participating in the seven European randomised lung cancer CT screening trials (EUCT), where the control groups had no chest radiography, is expected in 2015 [2].
The drawbacks of CT screening programmes also need to be taken into account. Most subjects eligible for screening will never develop lung cancer, but will be exposed to different potential harms such as distress while waiting for the test result, and the distress and complications related to the many false positive tests, which will require subsequent invasive diagnostic procedures in some individuals. In addition, the radiation exposure from low-dose CT in all participants and from additional imaging tests in many participants is a concern [4, 5] .
In the baseline round ( prevalence), a positive nodule was detected in 8-30% of the participants in the CT groups of the randomised screening trials [3] . The false positive prevalence was 86-95% and lung cancer was detected in 0.8-2.2% of the participants. The variation in the results is partly due to differences in the screened populations, the criteria for defining a positive nodule and the follow-up procedures.
Different management strategies are applied to discriminate between malignant and benign nodules, so the large number of false positives and number of subsequent workup procedures can be reduced. The second-line procedures most often comprise repeat CT scans after 3 months or at a later time-point to evaluate possible growth and/or change in morphology conspicuous of malignancy [4, 6] .
Functional imaging by 18 F-fluorodeoxyglucose (FDG) positron emission tomography (PET) can also be used to evaluate if there is increased FDG uptake in a nodule indicating malignancy [6, 7] as well for staging lung cancer [8] . PET is a quicker method to diagnose an indeterminate nodule as malignant or benign compared with waiting some months for a follow-up CT [7] . Recently, predictive tools based on patient and nodule characteristics have been introduced to estimate the cancer risk in screening studies [9] . These approaches can be used separately or together [6, 7] . A lung cancer is highly suspected if the nodule is growing with a volume-doubling time (VDT) <365 days (or <400 days) and/or if it is PET positive [4, 6] . A nodule is likely to be benign or represent an indolent cancer if it is not growing (or growing very slowly) or if it is PET negative, and usually a new CT scan is recommended after 1 year. However, neither the VDT nor PET methods can be absolutely relied upon, because both can give false negatives and positives. Some benign lesions may demonstrate growth. Likewise, PET can be positive in inflammatory/infectious lesions (e.g. granulomas), while some cancers can be slow growing and be PET negative [10, 11] .
This issue of the European Respiratory Journal includes an article addressing the value of PET in the diagnostic workup of screening-detected lung nodules. The article by VERONESI et al. [12] is based upon 383 nodules that were examined by PET/CT over the first 6 years of the Italian nonrandomised single-centre Continuous Observation of Smoking Subjects (COSMOS) early detection trial for lung cancer. These nodules were read as indeterminate on low-dose CT. To qualify for PET/CT an indeterminate nodule should be noncalcified solid or partly solid >8 mm without appearing clearly benign, and a follow-up CT scan was performed 1 year later. Nodules between 5 and 8 mm were initially controlled with CT after 3 or 6 months and if growing a PET/CT was performed (some nodules in this group could be <8 mm). Growing or PET-positive nodules suspicious for malignancy underwent minimally invasive surgical biopsy or fine-needle aspiration and additional interventions. The PET findings were retrospectively compared with pathological findings (either cancer or benign) or follow-up CT (benign if no growth for ≥2 years). By virtue of the large number of included nodules with different sizes, densities, pathological types, location in the lungs, and detected at the prevalence or incidence rounds, this study sheds light on some of the strengths and limitations of PET to differentiate between malignant and benign indeterminate lung nodules [6, 7, 11] .
Is the accuracy of PET dependent on nodule size and type?
The accuracy of PET is heavily dependent on the size of the nodule if it is approaching the resolution of the scanner. The newest PET scanners have a spatial resolution of 4-5 mm and the older versions have a spatial resolution ∼8-10 mm. Since solid tumours generally have a higher cell density than both subsolid and nonsolid tumours, the FDG uptake and reliability of PET is higher in solid than in nonsolid tumours of the same size [11] . VERONESI et al. [12] found that the accuracy (and sensitivity) for solid nodules was 76% (51%), 92% (86%) and 88% (98%) for nodules <10 mm, 10-15 mm and ≥15 mm, respectively. The figures were much lower for the partly or nonsolid nodules combined: 53% (17%), 47% (25%) and 70% (64%) for nodules <10 mm, 10-15 mm and ≥15 mm, respectively. Hence, the performance of PET is better in solid nodules ≥10 mm and partly-solid nodules >15 mm, while PET cannot be relied upon in nonsolid nodules no matter the size [11, 12] .
The American College of Chest physicians suggests PET should be performed to characterise indeterminate solid nodules >8 mm if the pretest probability of malignancy is low to moderate (5-65%) [13] . CT surveillance is recommended instead if the pretest probability is very low (<5%) or in the case of a low-to-moderate pretest probability with a negative PET scan.
Is the accuracy of PET the same for all tumour types?
Most lung cancer types have an increased FDG uptake, but the degree varies from no uptake to a very high uptake [11, 12] . Sensitivity was only 53% for adenocarcinomas, whereas it was 82-92% for the other cancer types [12] . Squamous cell carcinomas, nonsmall cell lung cancer and small cell lung cancer had the highest uptake values (maximum standardised uptake value), carcinoids had an intermediate uptake and adenocarcinomas had the lowest uptake, although the ranges overlapped, so it is not possible to use FDG uptake as a surrogate for histological typing.
Is the accuracy of PET dependent on the localisation of a nodule?
Since patients cannot hold their breath during the 1-5 min long acquisition times of PET per bed position, the nodules move during acquisition, especially in the basal parts of the lung. These blurring phenomena will reduce the signal of the FDG uptake into a nodule. This might be partly avoided if PET acquisition is gated to the respiration at the expense of substantially increasing the acquisition time. VERONESI et al. [12] found lower sensitivity in the lower lobes (53%) compared with the upper lobes (71%), but no difference in the performance of PET for nodules located in the right and left lung.
Can interpretation of PET be based on a visual reading only?
A clinical PET scan is most often interpreted by a visual analysis of the tracer uptake compared with the physiological background or by a semi-quantitative analysis (standardised uptake value), which is especially needed when monitoring the effects of treatment. The methods can also be used together, and both have their pros and cons. VERONESI et al. [12] analysed all nodules by visual interpretation and by three maximum standardised uptake value thresholds (1.5, 2.0 and 2.5) for calling a nodule malignant. While sensitivity and specificity varied inversely, with decreasing sensitivity and increasing specificity at higher thresholds, the accuracy remained the same, but was lower compared with the visual analysis. Whether a correction for partial volume could have improved performance of the standardised uptake value analysis was not reported. The finding of this study is in keeping with other studies of lung nodules, in which a visual PET analysis was reliable in small nodules [6, 7, 14] .
Is the accuracy of PET similar at baseline and later rounds of screening?
More nodules are found in the first baseline round compared with later screening rounds, where it is possible to correlate to the previous scans, and the relative risk of cancer in a suspicious nodule is higher in later rounds [3] . PET had a higher diagnostic accuracy for nodules detected at the baseline screening (88%) than at later rounds (between 50% and 80% in each round), in line with other studies on lung cancer screening [6, 12] . This is probably because cancers found in later rounds are smaller and more often nonsolid, where the performance of PET is less favourable [11, 12] .
In which settings is PET most reliable?
PET has the highest accuracy for differential diagnosis of indeterminate nodules detected at baseline, that are solid >10 mm or partly-solid >15 mm, and localised in the upper lobes. Where PET is less reliable other tests, such as VDT measurements, are probably better [12] . ASHRAF et al. [6] showed, in a study on 54 nodules from the Danish Lung Cancer Screening Trial, that both the PET uptake and the VDT were independently associated with malignancy, and the tests could be combined. The diagnostic value was stronger if the methods were concordant. An indeterminate nodule was very likely to be malignant if VDT was short (<365 days) and PET was positive, whereas the nodule was probably benign if VDT was long and PET was negative [7] . The data suggested an intermediate-to-high probability of cancer if the tests were discordant [6] . Larger confirmatory studies of this concept are needed. It also remains to be determined to what extent the diagnostic value of PET found in lung cancer trials can be applied to patients in clinical practice with incidentally detected small lung nodules with an intermediate probability for lung cancer.
